Introduction: A history of adversity in childhood is associated with cigarette smoking in adulthood, but there is less evidence for prenatal and next-generation offspring smoking. We investigated the association between maternal history of childhood adversity, pregnancy smoking, and early initiation of smoking in offspring, overall and by maternal race/ethnicity. Methods: Data on maternal childhood exposure to physical abuse, household alcohol abuse, and household mental illness, prenatal smoking behaviors, and offspring age of smoking initiation were analyzed from the US National Longitudinal Survey of Youth 1979 (NLSY79, n = 2999 mothers) and the NLSY79 Children and Young Adults Survey (NLSYCYA, n = 6596 children). Adjusted risk ratios were estimated using log-linear regression models. We assessed multiplicative interaction by race/ethnicity for all associations and a three-way interaction by maternal exposure to adversity and race/ethnicity for the association between prenatal and child smoking. Results: Maternal exposure to childhood physical abuse was significantly associated with 39% and 20% increased risks of prenatal smoking and child smoking, respectively. Household alcohol abuse was associated with significantly increased risks of 20% for prenatal smoking and 17% for child smoking. The prenatal smoking-child smoking relationship was modified by maternal exposure to household alcohol abuse and race. There were increased risks for Hispanic and white/other mothers as compared to the lowest risk group: black mothers who did not experience childhood household alcohol abuse. Conclusions: Mothers in this national sample who experienced adversity in childhood are more likely to smoke during pregnancy and their offspring are more likely to initiate smoking before age 18. Findings varied by type of adversity and race/ethnicity. Implications: These findings support the importance of a life-course approach to understanding prenatal and intergenerational smoking, and suggest that maternal early-life history is a potentially important risk factor that could be targeted with screening and interventions to reduce smoking in pregnant women and their children.
Introduction
Pregnancy is an ideal time for cigarette smoking cessation, as women are often highly motivated to improve their health for the sake of their fetus and antenatal care allows ongoing interaction with the health care system. In 2008, fewer than half of American women smokers quit during pregnancy, 1 suggesting the need for more effective interventions. In addition to serious risks of chronic disease, smoking during pregnancy is associated with an increased risk of miscarriage and placental abruption, cleft lip/palette, preterm birth, low birth weight, and Sudden Infant Death Syndrome. Children exposed to tobacco in utero are more likely to initiate smoking before the age of 18, even when accounting for exposure to maternal smoking after birth. [3] [4] [5] Early initiation of smoking is linked to establishing an adult smoking habit and to a higher intensity of cigarette consumption. 6 It is estimated that 90% of adult smokers tried cigarettes before the age of 18, 7 and nearly one half of high school seniors have experimented with cigarette smoking. 8 Preventing youth smoking is imperative for public health.
While the proportion of women who smoke during pregnancy has declined substantially over the past few decades, from 25 .1% in 1985 9 to 10.2% in 2011, 10 it remains much higher than the Healthy People 2020 goal of 1.4%. 11 In addition to established risk factors for prenatal smoking, 1, 9 three recent studies suggest that a history of Adverse Childhood Experiences (ACE), potentially traumatic events and conditions that occur before the age of 18, also increases one's risk. [12] [13] [14] Furthermore, a recent study of two large US cohorts concluded that mothers with severe childhood abuse are significantly more likely to have children who follow a high-risk smoking trajectory of early initiation leading to high consumption. 15 Given the small evidence base to date, the relationship between ACE, prenatal smoking, and child smoking deserves replication.
Unfortunately, early life adversity is quite prevalent in the United States. 16 However, the impact that childhood adversity has on health varies considerably between people. An important part of this variability is due to differences in resilience, the ability to cope with stress in a healthy way. 17 Resilience, however, is threatened by racial discrimination, 18 especially in the absence of familial social support. 17, 19 Since ACE often indicates disruption in the family or a lack of social support in childhood, racial discrimination on top of ACE could be particularly damaging to resilience. Therefore, childhood adversity might impact different racial groups in different ways, yet no studies have analyzed interaction by race/ethnicity on the relationship between early life adversity and smoking behaviors. The present study of a nationally representative sample has three major goals: (1) to analyze the relationship between three measures of ACE and prenatal smoking, and assess interaction by race/ethnicity (2) to investigate whether childhood adversity is associated with next-generation youth smoking, measuring interaction by race/ ethnicity, and (3) to determine if there is effect measure modification by maternal childhood adversity and race/ethnicity on the relationship between prenatal exposure to tobacco and early initiation of smoking.
Methods

Sample
The National Longitudinal Survey of Youth 1979 (NLSY79) is an ongoing, nationally representative cohort study that enrolled 12 686 individuals between the ages of 14 and 21 years in 1979. Participants were selected using a multistage stratified sampling procedure, which has been described in detail previously. 20 The NLSY79 cohort was interviewed annually from 1979 to 1994, after which the survey was conducted biennially. With sample weights, this cohort is representative of young adults residing in the United States in 1979.
All children of women in the NLSY79 cohort were invited to participate in the biennial NLSY79 Children and Young Adults survey (NLSYCYA), which began in 1986. This cohort represents over 95% of the biological children of NLSY79 women. 21 As of 2012, there were 11 504 participants.
For our analyses, we used all mother-child dyads with complete information on maternal ACE exposure, smoking status during pregnancy, offspring age at smoking initiation, and race/ethnicity. The eligible sample consisted of 3191 women who were interviewed in 2012, the year in which childhood adversity questions were added to the survey, along with their 7886 children. The final sample included 2999 women and 6596 children. Supplementary Figure 1 provides stepwise details on the exclusion process.
The UC Berkeley Committee for Protection of Human Subjects approved this study.
Measures
Adverse Childhood Experiences
Three questions from the ACE questionnaire 22 measuring childhood physical abuse, household alcohol abuse, and household mental illness were added to the NLSY79 survey in 2012; over 99% of women interviewed that year answered all three questions about childhood adversity. Childhood exposure to physical abuse was defined as being "hit, beat[en], kick [ed] or physically harm[ed]" more than once by a parent before the age of 18. Household alcohol abuse was defined as living with a "problem drinker or alcoholic" before the age of 18, and household mental illness was defined as living with someone who was "depressed, mentally ill, or suicidal" before the age of 18 (see Supplementary  Table 1 for full question text).
Pregnancy Smoking Behaviors
Since 1983, at each wave of data collection, NLSY79 women have been asked about their smoking habits during the 12 months before a child was born, and since 2000, they have also been asked about the number of cigarettes they smoked during a given pregnancy. These data were collected retrospectively within 2 years of a pregnancy. We used reported smoking to define two categories of pregnancy smokers: nonsmokers (no regular smoking during pregnancy) and smokers (any regular smoking during pregnancy, such that the average number of cigarettes smoked per week was reported to be greater than or equal to one). Women who quit at the start of pregnancy were classified as nonsmokers, and women who quit during pregnancy were classified as smokers.
Youth Smoking Behaviors
Among children 10 years of age and older, age of smoking initiation in the NLSYCYA survey has been measured with a self-administered questionnaire since 1988. Children are asked whether they ever smoked and at what age they first smoked (Supplementary Table 1 ). Impossible answers, such as smoking initiation ages that were greater than the child's age at the time of the interview, were discarded (n = 28). For both questions, reported initiation ages were averaged across all available survey years for each child. We found that these reported initiation ages were very consistent (r = 0.91). Due to the high correlation between answers, each child's mean self-reported age at first cigarette was used as their initiation age, unless this age was equal to zero. Children with mean self-reported smoking initiation ages of zero who did not report ever smoking were treated as nonsmokers. If the mean age was zero but they reported having ever smoked, the age at which they first provided a "yes" response to the question "has child ever smoked?" was used as their smoking initiation age. Children were categorized as youth smokers if their initiation age was less than 18 years.
Covariates
All potential confounders were identified a priori using theory-based causal diagrams (Supplementary Figure 2) . 23 Confounders of the relationships between ACE and smoking during pregnancy and ACE and next-generation youth smoking included the women's mothers' education, 24, 25 in years of completed schooling; growing up in the south 26 ; growing up in an urban area 27, 28 ; being born outside of the United States [29] [30] [31] ; and birth decade.
9,32-34 All covariates were selfreported in 1979.
Potential confounders of the relationship between smoking during pregnancy and early initiation of smoking included all potential confounders listed above, the women's age at childbirth 9 ; decade of childbirth 9 ; education at child's birth year, 35, 36 in years completed; marital status at child's birth year 37, 38 ; employment status at child's birth year 39, 40 ; and income at child's birth year, 35, 36 equivalized to account for family size 41 ; as well as the child's birth order. 42, 43 Race/ethnicity was considered a potential effect measure modifier in all relationships and was categorized as white/other, black, and Hispanic. Approximately 88% of the white/other group was white. 44 
Statistical Analysis
We first assessed differences between included participants and excluded, eligible participants. Then, we described the distribution of demographic and study characteristics across racial/ethnic groups. We also assessed the crude associations between each measure of childhood adversity and smoking during pregnancy, between childhood adversity and next-generation youth smoking, and between smoking during pregnancy and youth smoking. Survey-adjusted Rao-Scott chi-squared tests 45 were used to measure significance for categorical variables and generalized linear regressions were used for continuous variables.
Subsequently, we estimated adjusted risk ratios (aRR) to assess the associations between maternal childhood adversity and (1) any smoking during pregnancy and (2) next-generation youth smoking using weighted multiple Poisson regression models accounting for the complex survey design. Multiplicative interaction terms were included to assess whether these associations differed by race/ethnicity. Because black women had the lowest prevalence of childhood adversity and smoking outcomes, we chose to use them as the reference group in all race/ethnicity related analyses.
Our last model tested the association between maternal smoking in pregnancy and offspring early smoking initiation. We first measured multiplicative two-way interactions between prenatal smoking and race/ethnicity, and prenatal smoking and each measure of childhood adversity. We then assessed multiplicative three-way interactions between race/ethnicity, maternal ACE, and prenatal smoking using separate models for each ACE exposure. The significance levels of all interactions were determined with a survey-adjusted Wald test.
As the excluded participants had significantly different sociodemographic characteristics than the included participants, missing data on confounders were addressed with multiple imputation by chained equations (missingness ranged from 0.4% to 20.4%). 46 The multiple imputation by chained equations procedure used a logistic regression, multivariate logistic regression, or truncated linear regression as appropriate for the variable type, and iterated 100 times to achieve stability in the imputed values. Fifty datasets were imputed, using all outcomes, exposures, and covariates with complete information, as well as quintiles of the sampling weights, to leverage auxiliary information to improve precision of the imputed values. 46, 47 To make the sample nationally representative, all analyses were weighted using the NLSYCYA sample weights. Standard errors were adjusted for the complex survey design, 48 which also accounted for potential correlation between pregnancies in the same woman. Statistical significance was determined at α < 0.05 except for effect modification, which was significant at α < 0.20. 49 Univariate analyses were done in RStudio. Bivariate and multivariate analyses were done in Stata 14.0. Table 1 displays the prevalence of reported exposure to childhood adversity, sociodemographic, and pregnancy characteristics, including smoking prevalence overall and by race/ethnicity. After weighting to be representative of the United States in 1979, three-quarters of the sample was white/other, close to 20% was black and about 8% Hispanic. Thirty-six percent reported exposure to at least one of the adversities measured, the most common of which was household alcohol abuse (23%); 17% reported childhood physical abuse and 11% reported exposure to household mental illness. Overall, 27% reported smoking in pregnancy and 11% of the prepregnancy smokers quit during pregnancy. The majority of children were born between 1980 and 1999. More than 40% of children reported smoking before age 18.
Results
Characteristics of Study Population
All adversity exposures and smoking behaviors in both mothers and children were differentially distributed by race/ethnicity. Hispanic women were the least likely to smoke during pregnancy, but their children were more likely to initiate smoking than children of black or white mothers. Black mothers reported less exposure to the three ACEs studied, and black children were the least likely to experiment with smoking before the age of 18.
Bivariate analyses revealed that physical abuse and household alcohol abuse were differentially distributed by prenatal smoking status, both being more common in smokers than nonsmokers or quitters; these maternal adversity exposures were also significantly associated with offspring smoking before the age of 18 (Supplementary Table 2 ). Early smoking initiation was, additionally, more common in children who were exposed to tobacco prenatally (61%), and the least common in children of nonsmokers (41%). Table 2 presents associations between the maternal childhood adversity exposures and smoking during pregnancy. After adjusting for covariates, history of physical abuse and alcohol in the home were significantly associated with a 39% and 20% increased risk of prenatal smoking, respectively. Exposure to household mental illness was not related to prenatal smoking overall. Although there was evidence of interaction by race/ethnicity on the relationship between childhood household mental illness and prenatal smoking (p = .03), subgroup analyses showed that these relationships were not statistically significant in any racial/ethnic group Table 3 shows that maternal history of childhood physical abuse and household alcohol abuse were associated with increased risks of offspring youth smoking by 20% and 17%, respectively; however household mental illness was not a risk factor. There was no evidence that these findings differed by race-ethnicity.
Association Between Maternal Childhood Adversity and Smoking Behaviors
Association Between Prenatal Exposure to Tobacco and Youth Smoking
Smoking during pregnancy was associated with a significant 18% increase in offspring early smoking initiation (95% confidence interval [CI]: 1.11, 1.26). When we tested whether this relationship differed by maternal exposure to childhood adversity by testing all two-and three-way interactions, we found evidence of a difference in experiences with household alcohol abuse (p = .14). Compared to children of nonsmoking mothers without a history of childhood household alcohol abuse, the risk of youth smoking was increased for children of prenatal smokers (without maternal childhood household alcoholism: aRR 1.21 [95% CI: 1.13, 1.31]; with maternal childhood household alcoholism: aRR 1.25 [95% CI: 1.13, 1.38]). However, there was also an increased risk of offspring smoking in nonsmoking mothers who reported exposure to household alcohol abuse (aRR 1.13; 95% CI: 1.03, 1.24) . No other tested interactions between maternal ACE and smoking during pregnancy were significant.
Finally, we explored possible differences by race/ethnicity in the associations between maternal childhood adversity, prenatal smoking, and child smoking. Table 4 shows that compared to the reference group of black women without a history of childhood household alcohol abuse who did not smoke during pregnancy, prenatal smoking was associated with 69%-72% increased risk of youth smoking in children of white/other women, and did not vary by maternal exposure to household alcoholism. Black children were generally not at increased risk of youth smoking, but they were at 17% increased risk (p < .05) when their mothers smoked during pregnancy but did not have a history of childhood household alcoholism. Among Hispanics, maternal childhood household alcoholism increased risk of early initiation of offspring smoking (by 67%) only when the mother smoked during pregnancy.
Discussion
Results from this nationally representative sample confirm links between maternal childhood adversity and smoking behaviors in pregnant women and their offspring. These associations varied according to type of abuse and race/ethnicity. Generally, maternal smoking during pregnancy was associated with a higher risk of initiating smoking among children, but these results also varied by race/ ethnicity and maternal ACE exposure. Overall, our findings suggest that maternal childhood adversity and race/ethnicity are potential predictors of high-risk smoking behavior in many pregnant women and their children. In our sample, 17.2% of women experienced physical abuse, which is very similar to the 15.4% estimate based on data from five states using the Behavioral Risk Factor Surveillance System (BRFSS) questionnaire in 2009. 22 This study's 22.8% prevalence of household alcohol abuse was lower than the 30.6% of women who reported household substance abuse in the BRFSS survey, 22 but this is to be expected, as alcoholism is only one kind of substance abuse. The NLSY79 prevalence of household mental illness, however, was much lower than reported in BRFSS (11.2% vs. 22.0%) 22 for reasons unknown.
Our first study goal was to analyze the relationship between childhood adversity and smoking during pregnancy, and to test for interaction by race/ethnicity. In this sample, maternal exposure to childhood physical abuse was a risk factor for smoking during pregnancy, regardless of race/ethnicity. This is consistent with a previous finding that physical abuse is associated with smoking during pregnancy in a primarily white sample of German women. 13 We were also able to confirm Chung and colleagues' findings that household substance abuse is a risk factor for prenatal smoking. 12 In our sample, household alcohol abuse was associated with smoking during pregnancy. We also extended Chung et al.'s findings to a more general population, as their sample of 1476 women in Philadelphia largely consists of young, black, low-income single women with little education, and ours is weighted to be nationally representative.
Our second study goal was to analyze the relationship between maternal ACE and next-generation youth smoking. We found that maternal history of childhood physical abuse and of household alcohol abuse were both associated with offspring smoking, with no difference by race/ethnicity. We are aware of only one previous study that assessed the association between maternal childhood adversity and next-generation child smoking: using linked data from the Nurses Health Study II and the Growing Up Today Study, Roberts et al. found that mothers with severe childhood physical, emotional, or sexual abuse (measured with questions from the Childhood Trauma Questionnaire), were more likely to have offspring who followed the most dangerous smoking trajectories of early initiation and high consumption. 15 In our nationally representative sample, we found a slightly stronger association between physical abuse and offspring early smoking initiation (aRR = 1.20 for the NLSY cohort, compared to adjusted odds ratio [aOR] = 1.16 reported by Roberts et al.) . Using mediation analysis, Roberts et al. found that a 34% reduction in effect size was explained by maternal smoking alone, and a 61% reduction was explained by maternal smoking together with the offspring's experience of child abuse.
The final objective of our study was to explore whether the relationship between prenatal smoking and youth smoking differed by race/ethnicity and maternal adversity in childhood. We found evidence of interaction only by race/ethnicity and exposure to alcohol abuse in the home. Compared to children of nonsmoking black mothers with no childhood exposure to household alcohol abuse, black children were at significantly increased risk of youth smoking only when their mothers smoked during pregnancy but did not have childhood exposure to household alcohol abuse. Children of Hispanic women with exposure to childhood household alcoholism were at increased risk of smoking before the age of 18 only if their mothers also smoked during pregnancy. White/other children were always at higher risk of early smoking, but those born to smoking mothers with a history of household alcohol problems had the highest risk.
Our finding that household alcohol abuse, race/ethnicity, and smoking during pregnancy had a significant three-way interaction underscores the importance of incorporating intersectionality 50 into the way we study and understand health, especially in marginalized populations. 51 Intersectionality posits that individuals live at the intersection of multiple social categories (eg, race, gender, and sexual orientation), which reflects overlapping systems of discrimination and privilege. Systemic oppression can, therefore, only be understood by attending to the complex, multilayered nature of identity. Our original hypothesis was that people of color would be more vulnerable to smoking in the presence of ACE because of the additional damage inflicted on their resiliency as a result of racism. What we found, however, suggests that resiliency varies significantly between racial/ethnic groups of color. Future studies using an intersectional approach to understand these differences are needed.
The relative new and rapidly expanding field of epigenetics suggests mechanisms by which childhood adversity can impact high-risk Reference group is black women who did not experience childhood household mental illness. *p < .05, ***p < .001. smoking behaviors. Specifically, ACE is thought to have lifelong repercussions due to epigenetic changes that result from toxic stress in childhood. 52 Both human and animal studies have found childhood maltreatment to be associated with DNA methylation changes that regulate stress-responsivity. 53, 54 Chronic stress in childhood is also associated with having a small prefrontal cortex, which impairs self-regulatory behavior. 52 Moreover, recent studies have shown that these epigenetic changes due to stress can be heritable, [55] [56] [57] [58] meaning that one's own stress-response can be affected by one's parents' exposure to childhood adversity. Children of women with a history of ACE may therefore be predisposed to maladaptive stress responses, such as smoking. Our understanding of epigenetic inheritance is in its infancy, but it provides a very promising mechanism for how stress can get under the skin and be transmitted across generations.
Intergenerational smoking patterns are also likely influenced by the transmission of familial dysfunction from one generation to the next. Children of mothers with ACE are much more likely to experience ACE themselves, 59, 60 for example, which is a direct risk factor for smoking during childhood. 61 Furthermore, childhood trauma is associated with depressed socioeconomic status in adulthood, 62 so children of mothers with ACE are more likely to be exposed to stressors stemming from growing up with a lack of capital. Chronic stress in childhood, as was previously mentioned, is a known risk for smoking.
This study was subject to several limitations. Self-reported pregnancy and youth smoking questions surely introduced social desirability bias, 63 although recent validation studies have found self-reported smoking to be highly correlated with cotinine levels in adolescents and pregnant women. 64, 65 Since this would underestimate the true number of smokers, however, the findings are likely biased toward the null. 66 Another limitation was that, while this is a representative sample, it is representative of youths in the United States in 1979, which was quite different demographically than the country today. An additional limitation was the restriction of race/ethnicity to three groups, where whites were grouped with Native Americans, Asians, and all other people identified as non-black, non-Hispanic.
We would have liked to control for the women's mothers' smoking status in the analysis of childhood adversity and smoking during pregnancy, as this is a likely confounder, [67] [68] [69] but this information was not collected in the survey. Similarly, the NLSY79 only asked questions about three ACE exposures, so other important adversities were not included in this analysis. In addition, the ACE questions were only included in 2012, limiting our study sample to women who were still participating in NLSY79 33 years after the study began. It is possible that the women who dropped out of the study before 2012 are different with regard to ACE and/or smoking than women who remained, which would bias our findings. Furthermore, as is the case in most studies of child adversity, information was collected retrospectively, when participants were in middle age; however, answers to ACE questions were previously found to be reliable in a sample of older adults. 70 If there is misclassification of ACE, it is likely to be nondifferential with regard to the outcome, 71 so we would expect our results to be biased toward the null.
This study also had several important strengths. The prospective NLSY cohort is large, diverse, and nationally representative. We were able to adjust for important sociodemographic covariables. We also had smoking data on two generations, allowing us to study the intergenerational impact of childhood adversity. Additionally, selfadministered questionnaires, rather than interviews, were used to gather all NLSYCYA smoking information, which reduced the probability of information bias in this measure. 72 Future studies should examine the role of additional ACE exposures in high-risk smoking behaviors among pregnant women and their offspring. Additionally, the association between maternal ACE, smoking in pregnancy, and youth smoking in offspring could be further elucidated by a mediation analysis, measuring how much additional risk is attributable to ACE. Findings from the current study suggest that such an analysis ought to include interaction by race/ ethnicity.
Despite evidence for ACE underlying the adoption of a variety of health risk behaviors and the subsequent acquisition of disease, 73 most physicians do not screen their patients for childhood adversities. 74 However, health care providers are ideally positioned to screen women before and during pregnancy. Pregnant women with a history of childhood adversity should be offered a targeted smoking intervention that would aim to replace smoking with a healthier coping mechanism. Additionally, targeting racial/ethnic groups who are more likely to engage in high-risk smoking behaviors could help narrow existing health disparities. Ideally, we should prevent childhood adversities from occurring in the first place, but while ACE persists, we must work on preventing its pernicious health repercussions throughout the lifespan and across generations; specialized training and awareness campaigns could help screening for childhood adversities become routine practice. 74 
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